Synthesize materials of optical fibre sensor for chemical liquid detection by Yonus Ali Fasola, Marwan Hafeedh
SYNTHESIZE MATERIALS OF OPTICAL FffiRE SENSOR FOR CHEMICAL
LIQUID DETECTION
MARWAN HAFEEDH YOUNUS
A thesis submitted in fulfilment of the
requirements for the award of the degree of
Doctor of Philosophy (Physics)
Faculty of Science
Universiti Teknologi Malaysia
JULy 2017
iii
To my dearest father, mother, my beloved wife, and my lovely children for their
never-ending love, patience and support
iv
ACKNOWLEDGEMENT
First and foremost I would like to thank God, the almighty Allah, for blessing
me with sufficient time and health to get my goals. Then, I would like to express the
deepest gratitude to my supervisor, Dr. Raja Kamarulzaman Raja Ibrahim, for all the
guidance, advice, and support during my PhD study in Universiti Teknologi Malaysia.
I have been inspired by his vision and passion to research, his attention and curiosity
to details, his dedication to the profession, his intense commitment to his work, and his
humble and respectful personality. During this most important period in my research,
I thoroughly enjoyed working with him, and what I have learned from him will benefit
me for my whole life.
I also would like to express my deepest acknowledgement for the support and
help of all my professors, especially to my previous supervisor, Retired Professor Dr.
Rosly Abdul Rahman, and my co-supervisors Dr. Norizah Bt Hj Redzuan. I would
be my immense pleasure to acknowledge my fellow lab mates. My thanks also go to
Mr. Mohd Nasir, Mr. Mohd Sauffie, Mr. Rashdan in the mechanic workshop and the
entire Fiber Optic laboratory members (Laser Center, Faculty of Sciences, Universiti
Teknologi Malaysia) for their technical assistances.
I would like to express my sincere and wholehearted gratitude to my parents,
for their endless love, support, guidance, and inspiration throughout my life. Without
their encouragement, I would not be able to achieve everything I have today. They are
and always will be my source of strength and courage. A heartfelt gratitude also goes
to my brothers, sisters, parents-in-law, and brothers and sisters-in-law for their care
and love.
And last, but not least, I would like to give special thanks to my beloved wife,
for being extremely supportive during my PhD study. My life would not be so beautiful
without her love. Thanks to my lovely children, Mohammed, Sedra, Abdulrahman, for
bringing endless happiness into my family.
vABSTRACT
This study aims to improve the detection sensitivity and to reduce temperature
effect of the optical fibre chemical sensor (OFCS) system. This system was built for
chemical liquid leakage detection using optical time domain reflectometer (OTDR)
as an analyzer and unclad multimode optical fibre (MMF) as a sensing part (MMF
sensor). A chemical etching technique was used to unclad 1 cm – 3 cm MMF fibre.
The OTDR is used as analyzer to record return loss from the OTDR trace. The scale of
return loss is determined by the refractive index of chemical sample which is in contact
with the MMF sensor. To improve the sensitivity of the OFCS system, the MMF sensor
is coated by a thin layer of gold nanoparticles (AuNPs) using sputtering method. The
performance of the system is further analyzed to characterize the return loss in relation
to the sensor length and the temperature variation. The results show that the sensitivity
of the OFCS system using the unclad 3 cm MMF sensor tested with Cargille solutions
(refractive indexes 1.440 – 1.474) was found to be 1.825 dB/RI . The best sensitivity
of 18.293 dB/RI was achieved when the unclad 3 cm MMF sensor was coated with
14.3 nm AuNPs. The MMF sensor coated with silicon carbide (SiC) was conducted in
this study to reduce the influence of the temperature on the sensor response. Analyses
on the results reveal that the temperature sensitivity of the OFCS system using MMF
sensors coated with SiC and AuNPs was 0.025 dB/oC and 0.042 dB/oC respectively
when both sensors were tested in toluene. This means the OFCS system coated with
SiC is less affected by temperature variation compared to the one coated with AuNPs.
However, the sensitivity of OFCS sensor coated with AuNPs to detect the change of the
refractive index is much better than the one coated with SiC. Therefore, the optimum
performance where sensitivity of the OFCS system to detect the change the refractive
index is good and the sensitivity to temperature is minimized was achieved when the
MMF sensor is coated with a bilayer coating (AuNPs and SiC). The results reveal
that the sensitivity of the OFCS system to temperature with bilayer coating was 0.029
dB/oC. This figure is a little higher than the temperature sensitivity achieved using
MMF sensor coated with SiC (0.025 dB/oC). However, it is far better than the MMF
sensor coated with AuNPs and yet still shows a good sensitivity to the change in the
refractive index.
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ABSTRAK
Kajian ini bertujuan untuk meningkatkan kepekaan pengesanan dan
mengurangkan kesan suhu kepada sistem penderia kimia fiber optik (OFCS). Sistem
ini telah dibina untuk pengesanan kebocoran cecair kimia menggunakan reflektometer
domain masa optik (OTDR) sebagai penganalisis dan fiber optik mod berbilang (MMF)
tanpa salutan sebagai komponen penderia (penderia MMF). Teknik kakisan kimia telah
digunakan bagi membuang salutan MMF sepanjang 1 cm – 3 cm. OTDR digunakan
sebagai penganalisis bagi merekodkan isyarat balikan jejak OTDR. Skala isyarat
balikan adalah bergantung kepada indeks biasan bahan kimia yang bersentuhan dengan
penderia MMF. Bagi meningkatkan kepekaan sistem OFCS, MMF disalutkan dengan
lapisan tipis zarah nano emas (AuNPs) menggunakan kaedah percikan. Prestasi
penderia dianalisis bagi mencirikan hubungan isyarat balikan dengan panjang penderia
MMF dan variasi suhu. Hasil kajian menunjukkan kepekaan OFCS bagi penderia
MMF sepanjang 3 cm tanpa salutan ialah 1.825 dB/RI apabila diuji menggunakan
larutan Cargille (indeks biasan 1.440 – 1.474). Kepekaan terbaik 18.293 dB/RI
diperolehi apabila MMF disalut dengan lapisan tipis zarah nano emas setebal 14.3
nm dan panjang MMF adalah 3 cm. Sistem penderiaan OFCS dengan salutan silikon
karbida (SiC) juga telah dilaksanakan bagi mengurangkan kesan suhu ke atas tindak
balas penderia. Analisis data menunjukkan kepekaan suhu bagi MMF disalut dengan
SiC dan AuNPs masing-masing adalah 0.025 dB/oC dan 0.042 dB/oC apabila
diuji menggunakan toluene. Ini bermakna sistem penderia OFCS dengan salutan
SiC adalah kurang terkesan terhadap variasi suhu berbanding menggunakan salutan
AuNPs. Walau bagaimanapun, kepekaan OFCS dengan salutan AuNPs terhadap
perubahan indeks biasaan adalah lebih baik berbanding menggunakan salutan SiC.
Oleh itu, prestasi optimum iaitu apabila kepekaan OFCS terhadap perubahan indeks
biasan adalah memuaskan dan kepekaan terhadap suhu adalah minimum dicapai
apabila penderia MMF disalut dengan dwilapisan (AuNPs dan SiC). Keputusan
mendedahkan bahawa kepekaan sistem OFCS terhadap suhu menggunakan salutan
dwilapisan ialah 0.029 dB/oC. Angka ini adalah lebih tinggi daripada kepekaan
suhu dicapai menggunakan penderia MMF disalut dengan SiC (0.025 dB/oC). Walau
bagaimanapun, ianya jauh lebih baik berbanding penderia MMF menggunakan salutan
AuNPs namun pada masa yang sama menunjukkan kepekaan yang baik terhadap
perubahan indeks biasan.
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CHAPTER 1
INTRODUCTION
1.1 The Background of Study
Optical fiber sensor is one of the fastest developing technologies today. Fiber
sensors have been increased widely, and are used in various sensing applications.
Fiber optic sensor has developed to detect the physical parameters, such as strain,
temperature, vibration and chemical leakage (Xu et al., 2017). It has numerous
advantages compared to the conventional electrical sensors such as, light weight, small
size, high-temperature sensitivity, dielectric, immune to electromagnetic interference
(Udd, 1995).
Recently, optical fiber chemical sensors (OFCS) system rises the interacts in the
detection of different pollutants in the environment, which are leading to toxicity and
severe problems of human health. The OFCS system is used to detecte the chemical
species (Ho et al., 2001; Bandodkar et al., 2016). The chemical leakage is susceptible
to many possible hazards which make conventional electric sensors unfeasible. Thus,
Optical fiber sensor can be used to overcome the problem associated with an electrical
based sensor.
Optical Fiber chemical sensoes using multimode fiber and single mode fiber
(Saini et al., 1995, 2001), or special optical fibers (Morris et al., 1992; Yang and Wang,
2007), are the best possible options. The OFCS can be an extrinsic and intrinsic sensor.
However, the extrinsic sensors generally exhibit connection problems. The sensitivity
is considered to be one crucial prerequisite for the success the fiber sensor system
technology. This is related to the refraction index of the fiber. In addition to the index
of the refraction of the fiber, the so-called evanescent field can be improved to reach
the high sensitivity of the fiber sensor (Grattan and Sun, 2000).
2The OFCS system is required in different fields of application such as, the
factories and plants chemical industrial (Partridge et al., 2014; Alwis et al., 2016),
landfills, chemical delivery pipelines (Sivathanu, 2003), and fuel station to enable
preventive measures and stop the damage from the chemical leakage. Several types
of optical fiber sensors have been proposed such as Surface Plasmon Resonance (SPR)
(Velazquez-Gonzalez et al., 2017), Fiber Bragg Grating (FBG) (Woyessa et al., 2017)
Hetero-core OFS (Iga et al., 2005), tapered optical fiber (Yang et al., 2017), chemically
etched OFS (Yun et al., 2012), surface-enhanced Raman spectroscopy (Viets and Hill,
2000), Fabry-Perot interferometric (Pawar et al., 2017) and Optical Time Domain
reflectometer (OTDR) (Sumida et al., 2005).
In additional, to fabricate the fiber optical sensor, the simple technique must be
the alternative option. Chemical etching technique is an inexpensive way to fabricate
the optical fiber sensors. Using this technique, the cladding diameter of the fibre is
reduce substantially or entirely removed (Puygranier and Dawson, 2000; Zhang et al.,
2010). In this case, the surrounding chemicals become the cladding of the optical fiber.
The etching process increases the evanescent wave of the propagating light in the fiber
to penetrate into the surrounding chemicals (Zhang et al., 2010).
Currently, fiber sensors have expanded in its exploration lines and possibilities
with use of nanocoating deposition techniques (El-Sherif et al., 2007; Ascorbe et al.,
2016). Nanostructured thin films and nanocoatings have been applied to the optical
fiber sensor system to fabricate new sensors. In this case, the sensing part, i.e., the
sensing section preparation of modified cladding involves two major steps: removal
of the cladding of fiber, and coated with of new material which interacts with the
surrounding chemicals (Khalil et al., 2004; Nguyen et al., 2016). The thin film of the
materials that coated the fibre increases the interaction between the propagating light in
the optical fibre with the surrounding chemicals. This coating acts as sensitive material,
and therefore its composition and fabrication parameters are thoroughly studied in
order to improve sensitivity or other desirable sensing values (Garcia-Ruiz et al., 2016;
Rithesh Raj et al., 2016; Zhou et al., 2016).
Furthermore, locating the leak chemicals is an important point in the detection
process. One of the most important methods used in locating the leak is an Optical
Time Domain Reflectometer (OTDR) technique. The OTDR technique can easily
determine the location of the chemicals leakage (Juarez and Taylor, 2005; Sumida
et al., 2005). The OTDR technique is widely used for the detection location of
fault in optical fiber telecommunication system such as, fiber break, bending as well
3as the splicing points and connectors points along of the fiber. It was employed
extensively the sensing system to detect different parameters such as, chemical
leakage, temperature, pressure and strain (Potyrailo and Hieftje, 1998; Grattan and
Sun, 2000). The major benefit is that the OTDR technique can be used as source
and detectors simultaneously, thus it can be connected to one end of the optical fiber.
Hence, this technique has become a practical, helpful tool in manufacturing, testing,
and installing optical fiber cables.
This research aims to study the sensor response of chemicals leakage by
constructing and designing optical fiber chemical sensor. We proposed optic fiber
chemical sensor system (OFCS) based on the OTDR as the interrogation system and
the Multimode fiber (MMF) as sensor part. The OFCS is constructed to address two
main challenges that normally encounter in any optical fiber sensor system. The first
one is to increase the sensitivity of the OFCS by etching the cladding of MMF sensor
and replace it with a gold layer. Second, to reduce the effects of the temperature in the
OFCS response is reduced using silicon carbide layer (SiC).
41.2 Problem Statement
Utilizing detection sensors for chemical liquid leakages that can occur in a fuel
station, a tank store or an oil refining is very crucial for safety issues. This is due to
many chemicals have hazardous properties (i.e. fire, explosion) and/or health hazards
(i.e. toxicity, chemical burns, and dangerous fumes). Thus, many researchers have
proposed fiber optic sensors for chemical liquid leakages, which offer many benefits
over conventional electrical sensors such as, no current involve, higher resolution and
higher accuracy. Moreover, chemicals leakages can be monitored in the systems based
optical fiber sensors.
Different techniques can be used to fabricate and design the optical fiber
chemicals sensor systems such as Surface Plasmon Resonance (SPR), Fiber Bragg
Grating (FBG) and Optical Time Domain Reflectometer (OTDR). SPR and FBG
techniques require complex devices and need process sensor for the manufacturing.
However, a simple and an accurate measurement technique required for the sensor
systems. Furthermore, the sensor systems can be used for long distances to detect the
chemical leakages. Therefore, OTDR technique can be used to offer a simple way
to detect the leakage of chemicals, as well as it can be employed for long distances
monitoring. Also, the OTDR technique becomes most effective when testing long
fiber with splices and connectors.
In this work, we used gold nanoparticles (AuNPs) coating, which is well known
as the stable material, to solve the problem of low sensitivity of the optical fiber sensor
systems. The MMF sensor was coated with a thin layer of the AuNPs to increase the
interaction between the sensor section and the surrounding medium. However, due
to the low capacity heat of the AuNPs, it found that the system detection coated with
the AuNPs considerably influenced by raising the temperature of the sample. Thus,
to address the problem of temperature influence, the Silicon Carbide film (SiC) was
utilized as an additional layer on the MMF sensor. In addition, the SiC film, which has
high capacity heat, was used as a heat sink layer to reduce the temperature effects on
the OFCS systems.
51.3 Objectives of the Study
The main objectives of the project are the manufacture of optical fibre chemical
sensors , the characterization of their properties, study of the sensor response to
the chemicals by deposition of a nanostructured coatings and demonstration of their
application as sensors. The goals in the realization of the project are:-
i. To construct and develop the OFCS system based OTDR technique.
ii. To increase the sensitivity of OFCS using AuNPs toward the refractive index
of the sample and temperature variation.
iii. To decrease the effects of temperature variation of the sample on the OFCS
using SiC as a heat sink.
1.4 Scope of study
The particular focus of this project is limited to the detection and monitoring
of chemicals leakage. We seek suitable sensors that can be emplaced and operated
with minimal management. In this study, the constructed OFCS system is based on
the Multimode fiber (MMF) as sensor section and the OTDR as analyzer. The MMF
sensor was fabricated using chemical etching method, which is one of the common
and useful method that used in the field of optical sensors to remove the cladding of
the silica fiber, as well as it gives good results during the sensor fabricating process.
The current study contributes to addressing two important issues. The first
is to increase the sensitivity of the OFCS system using of AuNPs coating. Different
thickness of the AuNPs was deposited on the MMF sensor using the sputtering method
to optimise the sensitivity of OFCS system. The second one is to decrease the effects
of temperature variation on the OFCS system using the SiC. In this study, different
experiments were conducted consecutively to deposit the SiC film on the MMF sensor,
which can be used to reduce the influence of temperature on the OFCS system.
Additionally, different thicknesses of SiC were deposited using two techniques which
are Dielectric Barrier Discharge Non-Thermal Plasma system (DBDNTP) and Very
High-Frequency Plasma Enhancement Chemical Vapor Deposition (VHF-PECVD).
Furthermore, the experiment for etching the SiC film also investigated in this study.
Additionally, the potassium hydroxide (KOH) was selected as the solvent solution to
remove a small portion from the SiC film. Besides, various etching experiments were
6carried out at room temperature to produce the cracks on the surface of the SiC film,
which allows the sample come through SiC film and then increases the interaction
between the MMF sensor and the sample.
1.5 Significance of the research
In recent years, there has been increasing interest in the development of
optically based chemical sensors. The optical fiber chemical sensor is a device that
can be used to measure the concentration or activity of a chemical species in a sample
of interest. Furthermore, the optical fiber sensor can be developed by nanostructure
coatings deposition to increase their sensitivity. Additionally, the optical fiber sensors
can used to detect the change in the temperature of the chemical liquid.
Many techniques have been used to characterize the sensing part such as
Surface Plasmon Resonance (SPR) and Fiber Bragg Grating (FBG). However, these
techniques require complex devices and need process sensor for the manufacturing.
The Optical Time Domain Reflectometer (OTDR) technique is offer a simple way and
accurate measurement which can be used to characterize the sensing system. In this
study, the optical fiber sensor based on the OTDR technique has capability to detect
the chemical leakage in different fields, such as fuel station, oil pipeline underground,
deep wells and tanks storage.
1.6 Summary of Thesis
Chapter 2 provides the historical introduction of the optical fibre technology
and introduces optical fibres sensor, with their manufacture techniques. This chapter
describes fiber-optic systems in a comprehensive manner. Also, the propagation
of light, the fundamental physics and principles of optical fiber geometrical were
included. Furthermore, the basic concepts, application, techniques and types of the
optical fiber sensors were presented in this chapter. Moreover, the principle of the
OTDR technique was also covered in this chapter. Finally, the literature review of
optical fiber sensor coated with both of AuNPs and SiC were introduced at the end of
this chapter.
7In chapter 3, the experimental setups and methods used to fabricate the sensor
section are introduced. First, the chemical etching technique to remove the cladding
of fiber was conducted. The second part covered the coating of the sensor section
with AuNPs and SiC respectively. The experiment setups of the OFCS system for
different chemicals, different length of the MMF sensor and different temperature were
presented in end of this chapter.
Chapter 4 presents the experimental results and a discussion of the results of
this work. The results of four experiments were conducted in this chapter. The first
experiment represents the results of the OFCS system without coating. Moreover,
the influence of the different refractive index, different length of the MMF sensor
and different temperature on the OFCS system without coating were presented in this
chapter. The second and third experiments include the results of the OFCS coated with
AuNPs and SiC respectively. Furthermore, the final experiment involved the results of
the OFCS system coated with bilayer (AuNPs and SiC were introduced at the end of
this chapter.
Chapter 5 which is the last chapter of thesis includes the conclusion and the
recommendation of this study.
REFERENCES
Adachi, S. (2008). Distributed optical fiber sensors and their applications. In SICE
Annual Conference, 2008. IEEE, 329–333.
Alvarez, M. M., Khoury, J. T., Schaaff, T. G., Shafigullin, M. N., Vezmar, I. and
Whetten, R. L. (1997). Optical Absorption Spectra of Nanocrystal Gold Molecules.
The Journal of Physical Chemistry B. 101(19), 3706–3712.
Alwis, L., Sun, T. and Grattan, K. T. V. (2016). [INVITED] Developments in optical
fibre sensors for industrial applications. Optics & Laser Technology. 78(2), 62–66.
Anderson, J. L. M., D. R. and Bell, F. G. (2004). Troubleshooting Optical
Fiber Networks: Understanding and Using Optical Time-Domain Reflectometers.
Academic Press.
Ascorbe, J., Corres, J. M., Matias, I. R. and Arregui, F. J. (2016). High sensitivity
humidity sensor based on cladding-etched optical fiber and lossy mode resonances.
Sensors and Actuators B: Chemical. 233(2), 7–16.
Bandodkar, A. J., Jeerapan, I. and Wang, J. (2016). Wearable Chemical Sensors:
Present Challenges and Future Prospects. ACS Sensors. 1(5), 464–482.
Bao, X. and Chen, L. (2012). Recent Progress in Distributed Fiber Optic Sensors.
Sensors. 12(7), 8601–8639. ISSN 1424-8220.
Barnoski, M. K. and Jensen, S. M. (1976). Fiber waveguides: a novel technique for
investigating attenuation characteristics. Applied Optics. 15(9), 2112–2115.
Barnoski, M. K., Rourke, M. D., Jensen, S. M. and Melville, R. T. (1977). Optical
time domain reflectometer. Applied Optics. 16(9), 2375–2379.
Bender, W. J., Dessy, R. E., Miller, M. S. and Claus, R. O. (1994). Feasibility of a
chemical microsensor based on surface plasmon resonance on fiber optics modified
by multilayer vapor deposition. Analytical Chemistry. 66(7), 963–970. ISSN 0003-
2700.
Berthold I, J. W. (1994). Historical review of microbend fiber optic sensors. In 10th
Optical Fibre Sensors Conference, vol. 12. International Society for Optics and
Photonics, 182–186.
116
Binu, S., Pillai, V. P. M. and Chandrasekaran, N. (2006). OTDR Based Fiber
Optic Microbend Sensor for Distributed Sensing Applications in Structural Pressure
Monitoring. Journal of Optics. 35(1), 36–44.
Bohren, C. F. and Huffman, D. R. (2008). Absorption and scattering of light by small
particles. John Wiley & Sons. ISBN 3527618163.
Bravo, J., Matias, I. R., Villar, I. D., Corres, J. M. and Arregui, F. J. (2006). Nanofilms
on hollow core fiber-based structures: an optical study. Journal of Lightwave
Technology. 24(5), 2100–2107. ISSN 0733-8724.
Brinkmeyer, E. (1980). Backscattering in single-mode fibres. Electronics Letters. 16,
329. ISSN 0013-5194.
Buerck, J., Roth, S., Kraemer, K. and Mathieu, H. (2003). OTDR fiber-optical
chemical sensor system for detection and location of hydrocarbon leakage. Journal
of Hazardous Materials. 102(1), 13–28. ISSN 0304-3894.
Buerck, J., Sensfelder, E. and Ache, H.-J. (1996). Distributed measurement of
chemicals using fiber optic evanescent wave sensing. vol. 2836. 250–260.
10.1117/12.260599.
Chau, L.-K., Lin, Y.-F., Cheng, S.-F. and Lin, T.-J. (2006). Fiber-optic chemical
and biochemical probes based on localized surface plasmon resonance. Sensors and
Actuators B: Chemical. 113(1), 100–105.
Chen, C.-C., Li, C.-L. and Liao, K.-Y. (2002). A cost-effective process for large-scale
production of submicron SiC by combustion synthesis. Materials Chemistry and
Physics. 73(2), 198–205.
Chen, E., Du, G., Zhang, Y., Qin, X., Lai, H. and Shi, W. (2014). RF-PECVD
deposition and optical properties of hydrogenated amorphous silicon carbide thin
films. Ceramics International. 40(7), 9791–9797.
Ciprian, D. and Hlubina, P. (2013). Theoretical model of the influence of oxide
overlayer thickness on the performance of a surface plasmon fibre-optic sensor.
Measurement Science and Technology. 24(2), 025105.
Clay, K. K. and Anthony, D. (2004). Overview of high performance fibre-optic sensing.
Journal of Physics D: Applied Physics. 37(18), 197–223. ISSN 0022-3727.
Coelho, L. C. C., de Almeida, J. M. M. M., Moayyed, H., Santos, J. L. and Viegas,
D. (2015). Multiplexing of surface plasmon resonance sensing devices on etched
single-mode fiber. Journal of Lightwave Technology. 33(2), 432–438.
Corres, J. M., Arregui, F. J. and Matas, I. R. (2007). Sensitivity optimization of tapered
optical fiber humidity sensors by means of tuning the thickness of nanostructured
117
sensitive coatings. Sensors and Actuators B: Chemical. 122(2), 442–449. ISSN
0925-4005.
Deparis, O., Beresna, M., Vandenbem, C. and Kazansky, P. G. (2011). Light coupling
and enhanced backscattering in layered plasmonic nanocomposites. Opt. Express.
19(2), 1335–1343.
Dmitriev, A. (2012). Nanoplasmonic sensors. Springer Science & Business Media.
ISBN 1461439337.
Dong, L., Zheng, L., Liu, X. F., Zhang, F., Yan, G. G., Li, X. G., Sun, G. S. and Wang,
Z. G. (2013). Defect revelation and evaluation of 4H silicon carbide by optimized
molten KOH etching method. In Materials Science Forum, vol. 740. 243–246.
Eickhoff, M., Mller, H., Kroetz, G., v. Berg, J. and Ziermann, R. (1999). A high
temperature pressure sensor prepared by selective deposition of cubic silicon carbide
on SOI substrates. Sensors and Actuators A: Physical. 74(3), 56–59.
El-Sherif, M., Bansal, L. and Yuan, J. (2007). Fiber optic sensors for detection of toxic
and biological threats. Sensors. 7(12), 3100–3118.
Farries, M., Fermann, M., Laming, R., Poole, S., Payne, D. and Leach, A. (1986).
Distributed temperature sensor using Nd3+-doped optical fibre. Electronics Letters.
8(22), 418–419. ISSN 0013-5194.
Fidanboylu, K. and Efendioglu, H. (2009). Fiber optic sensors and their applications.
In 5th International Advanced Technologies Symposium (IATS09), vol. 6.
Garcia-Ruiz, J. A., A.a, Monzn-Hernndez, D., Manrquez, J. and Bustos, E. (2016).
One step method to attach gold nanoparticles onto the surface of an optical fiber
used for refractive index sensing. Optical Materials. 51(2), 208–212.
Gaston, A., Lozano, I., Perez, F., Auza, F. and Sevilla, J. (2003). Evanescent wave
optical-fiber sensing (temperature, relative humidity, and pH sensors). IEEE Sensors
Journal. 3(6), 806–811. ISSN 1530-437X.
Ghetia, S., Gajjar, R. and Trivedi, P. (2013). Classification of fiber optical sensors.
International Journal of Electronics Communication and Computer Technology
(IJECCT). 3(4), 442–5.
Grattan, K. T. V. and Sun, T. (2000). Fiber optic sensor technology: an overview.
Sensors and Actuators A: Physical. 82(3), 40–61. ISSN 0924-4247.
Gwon, H. R. and Lee, S. H. (2010). Spectral and Angular Responses of Surface
Plasmon Resonance Based on the Kretschmann Prism Configuration. MATERIALS
TRANSACTIONS. 51(6), 1150–1155.
Haibo, O., Hejun, L., Lehua, Q., Zhengjia, L., Jian, W. and Jianfeng, W. (2008).
118
Synthesis of a silicon carbide coating on carbon fibers by deposition of a layer of
pyrolytic carbon and reacting it with silicon monoxide. Carbon. 46(10), 1339–1344.
Hartog, A., Leach, A. and Gold, M. (1985). Distributed temperature sensing in solid-
core fibres. Electronics letters. 21(23), 1061–1062. ISSN 0013-5194.
Hartog, A. H. and Gold, M. P. (1984). On the theory of backscattering in single-mode
optical fibers. Journal of Lightwave Technology. 2(2), 76–82.
He, H., Shao, L.-Y., Luo, B., Li, Z., Zou, X., Zhang, Z., Pan, W. and Yan, L. (2016).
Multiple vibrations measurement using phase-sensitive OTDR merged with Mach-
Zehnder interferometer based on frequency division multiplexing. Optics Express.
24(5), 4842–4855.
He, Y. Q., Liu, S. P., Kong, L. and Liu, Z. F. (2005). A study on the sizes
and concentrations of gold nanoparticles by spectra of absorption, resonance
Rayleigh scattering and resonance non-linear scattering. Spectrochimica Acta Part
A: Molecular and Biomolecular Spectroscopy. 61(13), 2861 – 2866. ISSN 1386-
1425.
Hewa-Gamage, G. and Chu, P. (2002). A multiplexed point temperature fibre sensor
array using OTDR technique and TDM mechanism. In Sensors, 2002. Proceedings
of IEEE, vol. 1. IEEE, 111–115.
Ho, C. K., Itamura, M. T., Kelley, M. and Hughes, R. C. (2001). Review of chemical
sensors for in-situ monitoring of volatile contaminants. Sandia Report SAND2001,
Sandia National Laboratories, 1–27.
Hutter, E. and Fendler, J. H. (2004). Exploitation of localized surface plasmon
resonance. Advanced Materials. 16(19), 1685–1706. ISSN 1521-4095.
Iga, M., Seki, A. and Watanabe, K. (2005). Gold thickness dependence of SPR-based
hetero-core structured optical fiber sensor. Sensors and Actuators B: Chemical.
106(1), 363–368.
Jannat, A., Lee, W., Akhtar, M. S., Li, Z. Y. and Yang, O.-B. (2016). Low cost sol-gel
derived SiC-SiO2 nanocomposite as anti reflection layer for enhanced performance
of crystalline silicon solar cells. Applied Surface Science. 369, 545 – 551.
Jha, R. and Sharma, A. K. (2009). Chalcogenide glass prism based SPR sensor with
AgAu bimetallic nanoparticle alloy in infrared wavelength region. Journal of Optics
A: Pure and Applied Optics. 11(4), 502–512.
Jiang, L., Chen, X., Wang, X., Xu, L., Stubhan, F. and Merkel, K.-H. (1999). a-SiC x:
H films deposited by plasma-enhanced chemical vapor deposition at low temperature
119
used for moisture and corrosion resistant applications. Thin Solid Films. 352(1), 97–
101. ISSN 0040-6090.
Jiang, L., Tan, X., Xiao, T. and Xiang, P. (2017). The influence of methane flow
rate on microstructure and surface morphology of a-SiC:H thin films prepared by
plasma enhanced chemical vapor deposition technique. Thin Solid Films. 622, 71 –
77. ISSN 0040-6090.
Jorgenson, R. C. and Yee, S. S. (1993). A fiber-optic chemical sensor based on surface
plasmon resonance. Sensors and Actuators B: Chemical. 12(3), 213–220.
Juarez, J. C. and Taylor, H. F. (2005). Distributed fiber optic intrusion sensor system
for monitoring long perimeters. In Defense and Security. International Society for
Optics and Photonics, International Society for Optics and Photonics, 692–703.
Jung, Y.-m., Alam, S.-u. and Richardson, D. J. (2016). Compact few-mode
fiber collimator and associated optical components for mode division multiplexed
transmission. In Optical Fiber Communication Conference. OSA Technical Digest
(online). 2016/03/20. Anaheim, California: Optical Society of America, W2A.40.
Kaneko, T., Nemoto, D., Horiguchi, A. and Miyakawa, N. (2005). FTIR analysis of
a-SiC:H films grown by plasma enhanced CVD. Journal of Crystal Growth. 275(2),
1097–1101.
Karbovnyk, I., Savchyn, P., Huczko, A., Guidi, M. C., Mirri, C. and Popov, A. (2015).
FTIR studies of silicon carbide 1D-nanostructures. In Materials Science Forum, vol.
821. Trans Tech Publications Ltd. ISBN 0255-5476, 261.
Khalil, S., Bansal, L. and El-Sherif, M. (2004). Intrinsic fiber optic chemical sensor for
the detection of dimethyl methylphosphonate. Optical Engineering. 43(11), 2683–
2688. 10.1117/1.1786294.
Kim, S., Choi, J., Jung, M., Joo, S. and Kim, S. (2013). Silicon Carbide-Based
Hydrogen Gas Sensors for High-Temperature Applications. Sensors. 13(10), 13575.
ISSN 1424-8220.
Knle, M., Kaltenbach, T., L?per, P., Hartel, A., Janz, S., Eibl, O. and Nickel, K.-G.
(2010). Si-rich a-SiC:H thin films: Structural and optical transformations during
thermal annealing. Thin Solid Films. 519(1), 151–157.
Koyamada, Y. (2000). Analysis of core-mode to radiation-mode coupling in fiber
Bragg gratings with finite cladding radius. Journal of Lightwave Technology. 18(9),
1220–1225. ISSN 0733-8724.
Kumar, S. and Deen, M. J. (2014). Fiber Optic Communications: Fundamentals and
Applications. John Wiley & Sons. ISBN 1118683447.
120
Kumar, S., Gupta, V., Sharma, G., Yadav, G. C. and Singh, V. (2016). Investigation of
Silicon Carbide Based Optical Fiber Coupled Surface Plasmon Resonance Sensor.
Silicon. 8(4), 533–539.
Lacroix and Mpez-Higuera, J. M. (2002). Handbook of optical fibre sensing
technology. Wiley. ISBN 0471820539.
Lagakos, N., Hickman, T., Ehrenfeuchter, P., Bucaro, J. A. and Dandridge, A. (1990).
Planar flexible fiber-optic acoustic sensors. Journal of lightwave technology. 8(9),
1298–1303.
Li, X., Chen, Z., Taflove, A. and Backman, V. (2005). Optical analysis of nanoparticles
via enhanced backscattering facilitated by 3-D photonic nanojets. Opt. Express.
13(2), 526–533.
Liehr, S., Muanenda, Y. S., Mu¨nzenberger, S. and Krebber, K. (2017). Relative change
measurement of physical quantities using dual-wavelength coherent OTDR. Opt.
Express. 25(2), 720–729.
Lin, G., Ho, J. and Dandekar, D. (1987). Low-temperature heat capacities of silicon
carbide. Journal of applied physics. 61(11), 5198–5198.
Liu, Q., Luo, H., Wang, L. and Shen, S. (2016). Tuning the thermal conductivity of
Silicon Carbide by twin boundary: A molecular dynamics study. Journal of Physics
D: Applied Physics.
Liu, Y. and Wei, L. (2007). Low-cost high-sensitivity strain and temperature sensing
using graded-index multimode fibers. Applied optics. 46(13), 2516–2519.
Lopez-Higuera, J. M., Cobo, L. R., Incera, A. Q. and Cobo, A. (2011). Fiber optic
sensors in structural health monitoring. Journal of lightwave technology. 29(4),
587–608.
Masoudi, A. and Newson, T. P. (2017). High spatial resolution distributed optical
fiber dynamic strain sensor with enhanced frequency and strain resolution. Opt. Lett.
42(2), 290–293.
Maurer, R. D. (1973). Glass fibers for optical communications. Proceedings of the
IEEE. 61(4), 452–462.
Meriaudeau, F., Wig, A., Passian, A., Downey, T., Buncick, M. and Ferrell, T. L.
(2000). Gold island fiber optic sensor for refractive index sensing. Sensors and
Actuators B: Chemical. 69(1), 51–57.
Mesh, P. Y. K. M. . N. Y., M. (2001). Fiber optic communication system. U.S. Patent
Application No. 09/753,513.
121
Messica, A., Greenstein, A. and Katzir, A. (1996). Theory of fiber-optic, evanescent-
wave spectroscopy andsensors. Applied Optics. 35(13), 2274–2284.
Mills, J. A. (2016). System, apparatus and method for supporting multiple-interfaces
for optical fiber communication. sensors. 20(1), 34–42.
Minz, R. A., Pal, S. S., Chopra, A., Bargujar, S., Bhatnagar, R., Sinha, R. K. and
Mondal, S. K. (2017). Magnetron Sputtering Coated Optical Fiber Probe Designs for
Surface Plasmon Resonance Sensor. IEEE Journal of Selected Topics in Quantum
Electronics. 23(2), 1–7. ISSN 1077-260X.
Mitsui, K., Handa, Y. and Kajikawa, K. (2004). Optical fiber affinity biosensor based
on localized surface plasmon resonance. Applied Physics Letters. 85(18), 4231–
4233.
Miyajima, S., Sawamura, M., Yamada, A. and Konagai, M. (2006). Low temperature
deposition of hydrogenated nanocrystalline cubic silicon carbide thin films by
HWCVD and VHF-PECVD. In 2006 IEEE 4th World Conference on Photovoltaic
Energy Conference, vol. 2. IEEE, 1604–1607.
Mndez, A., Alexis Csipkes (2013). Overview of Fiber Optic Sensors for NDT
Applications, Dordrecht: Springer Netherlands. 179–184.
Morris, M. J., Walters, R. A. and Burke, G. C. (1992). Miniature optical fiber-based
spectrometer employing a compact tandem fiber probe. In Proc SPIE, vol. 1796.
141–149.
Mullsteff, D. M. (2011). Fiber optic communication system. US Patent App.
13/111,268.
Nakanishi, T., Takada, H., Iida, H., Kajiura, M. and Osaka, T. (2008). Immobilization
of gold nanoparticles on optical waveguides with organosilane monolayer. Colloids
and Surfaces A: Physicochemical and Engineering Aspects. 313(4), 234–238.
Nascimento, J. F. d., Cipriano, E. A., Martins-Filho, J. F., Guimar, J., x00E, es
and Silva, M. J. d. (2011). Characterization of an amplified OTDR fiber-optic
multipoint sensor system. In Microwave & Optoelectronics Conference (IMOC),
2011 SBMO/IEEE MTT-S International. Oct. 29 2011-Nov. 1 2011. ISBN Pending,
627–631.
Neumann, E.-G. (1980). Analysis of the backscattering method for testing optical fiber
cables. Archiv Elektronik und Uebertragungstechnik. 34(2), 157–160.
Nguyen, T. H., Sun, T. and Grattan, K. T. V. (2016). Surface plasmon resonance based
fibre optic chemical sensor for the detection of cocaine. In Sixth European Workshop
on Optical Fibre Sensors (EWOFS’2016), vol. 9916. International Society for Optics
122
and Photonics, 991612–991616.
Oura, K., Lifshits, V., Saranin, A., Zotov, A. and Katayama, M. (2013). Surface
science: an introduction. Springer Science & Business Media.
Pakula, L. S., Yang, H., Pham, H. T. M., French, P. J. and Sarro, P. M. (2004).
Fabrication of a CMOS compatible pressure sensor for harsh environments. Journal
of Micromechanics and Microengineering. 14(11), 1478–1483. ISSN 0960-1317.
Palmieri, L. and Schenato, L. (2013). Distributed optical fiber sensing based on
Rayleigh scattering. The Open Optics Journal. 7(1), 104–127.
Pandraud, G., French, P. J. and Sarro, P. M. (2008). Fabrication and characteristics of
a PECVD SiC evanescent wave optical sensor. Sensors and Actuators A: Physical.
142(1), 61–66.
Partridge, M., Wong, R., James, S. W., Davis, F., Higson, S. P. J. and Tatam, R. P.
(2014). Long period grating based toluene sensor for use with water contamination.
Sensors and Actuators B: Chemical. 203(2), 621–625.
Pastor-Graells, J., Martins, H. F., Garcia-Ruiz, A., Martin-Lopez, S. and Gonzalez-
Herraez, M. (2016). Dynamic distributed measurement of temperature changes
using phase-sensitive OTDR with chirped pulses. vol. 9916. 99162–99168.
Paul, P. H. and Kychakoff, G. (1987). Fiberoptic evanescent field absorption sensor.
Applied Physics Letters. 51(1), 12–14.
Pawar, D., Kitture, R. and Kale, S. (2017). ZnO coated Fabry-Perot interferometric
optical fiber for detection of gasoline blend vapors: Refractive index and fringe
visibility manipulation studies. Optics & Laser Technology. 89, 46–53.
Pawbake, A., Mayabadi, A., Waykar, R., Kulkarni, R., Jadhavar, A., Waman, V.,
Parmar, J., Bhattacharyya, S., Ma, Y.-R., Devan, R. et al. (2016). Growth of boron
doped hydrogenated nanocrystalline cubic silicon carbide (3C-SiC) films by Hot
Wire-CVD. Materials Research Bulletin. 76, 205–215.
Pedrotti, L. S. (2012). Basic geometrical optics. Fundamentals of photonics, Module.
12(4), 73–115.
Personick, S. (1977). Photon Probe- An Optical Fiber Time-Domain ReflecOptical.
Bell System Technical Journal. 56(3), 355–366. ISSN 1538-7305.
Pinto, N. M. P., Frazo, O., Baptista, J. M. and Santos, J. L. (2006). Quasi-distributed
displacement sensor for structural monitoring using a commercial OTDR. Optics
and Lasers in Engineering. 44(8), 771–778.
Poggiolini, P. (2016). Recent Advances in Non-linear Fiber Propagation Modeling.
In Optical Fiber Communication Conference. OSA Technical Digest (online).
123
2016/03/20. Anaheim, California: Optical Society of America, W3I.4.
Potyrailo, R. A. and Hieftje, G. M. (1998). Spatially resolved analyte mapping with
time-of-flight optical sensors. TrAC Trends in Analytical Chemistry. 17(10), 593–
604.
Pruthtikul, R. and Liewchirakorn, P. (2008). Correlation between siloxane bond
formation and oxygen transmission rate in TEOS xerogel. J Metals Mater Mine.
18, 63–66.
Puygranier, B. A. F. and Dawson, P. (2000). Chemical etching of optical fibre tips an
experiment and model. Ultramicroscopy. 85(4), 235–248.
Quinten, M. (2010). Optical properties of nanoparticle systems: Mie and beyond. John
Wiley & Sons. ISBN 3527633154.
Rajan, G. (2015). Optical fiber sensors: advanced techniques and applications.
vol. 36. CRC Press.
Reis, E. F. d., Campos, F. A. S., Lage, A. P., Leite, R. C., Heneine, L. G., Vasconcelos,
W. L., Lobato, Z. I. P. and Mansur, H. S. (2006). Synthesis and characterization
of poly (vinyl alcohol) hydrogels and hybrids for rMPB70 protein adsorption.
Materials Research. 9, 185 – 191. ISSN 1516-1439.
Ricciardi, C., Primiceli, A., Germani, G., Rusconi, A. and Giorgis, F. (2006).
Microstructure analysis of a-SiC: H thin films grown by high-growth-rate PECVD.
Journal of non-crystalline solids. 352(9), 1380–1383.
Rithesh Raj, D., Prasanth, S., Vineeshkumar, T. V. and Sudarsanakumar, C. (2016).
Surface Plasmon Resonance based fiber optic sensor for mercury detection using
gold nanoparticles PVA hybrid. Optics Communications. 367(4), 102–107.
Rivero, P. J., Goicoechea, J., Hernaez, M., Socorro, A. B., Matias, I. R. and Arregui,
F. J. (2016). Optical fiber resonance-based pH sensors using gold nanoparticles into
polymeric layer-by-layer coatings. Microsystem Technologies. 22(7), 1821–1829.
Rogers, A. (1997). Essentials of Optoelectronics with applications. CRC Press. ISBN
0412408902.
Ronot-Trioli, C., Trouillet, A., Veillas, C., El-Shaikh, A. and Gagnaire, H. (1996).
Fibre optic chemical sensor based on surface plasmon monochromatic excitation.
Analytica Chimica Acta. 319(1), 121 – 127. ISSN 0003-2670.
Saeid, S. H. (2012). Computer simulation and performance evaluation of single mode
fiber optics. In Proceedings of the World Congress on Engineering, vol. 2.
Saini, D., Leclerc, R. and Virgo, M. (2001). Measurement of hydrocarbons in produced
water using fiber optic sensor technology. Citeseer.
124
Saini, D., Wing, T., Dandge, D., Leclerc, R., Sword, M., Havens, S. and
Worland, J. (1995). Comparison of measurements with PetroSenseregsign Portable
Hydrocarbon Analyzer (PHA 100) and laboratory analysis of bailed samples.
ISBN CONF-950209–; TRN: IM9623Mar 24 07:53:50 EDT 2011Air and Waste
Management Association, Publications Services Department, One Gateway Center,
Third Floor, Pittsburgh, PA 15222 (United States)OSTI; SCA: 020900; PA: INS-
96:012459; EDB-96:084649; SN: 96001595071English.
Salata, O. V. (2004). Applications of nanoparticles in biology and medicine. Journal
of nanobiotechnology. 2(1), 1–6.
Schroeder, J., Mohr, R., Macedo, P. and Montrose, C. (1973). Rayleigh and Brillouin
scattering in K2O-SiO2 glasses. Journal of the American Ceramic Society. 56(10),
510–514. ISSN 1551-2916.
Shao, Y., Xu, S., Zheng, X., Wang, Y. and Xu, W. (2010). Optical fiber LSPR
biosensor prepared by gold nanoparticle assembly on polyelectrolyte multilayer.
Sensors. 10(4), 3585–3596.
Sharma, A. K. and Gupta, B. D. (2005). Fiber optic sensor based on surface plasmon
resonance with nanoparticle films. Photonics and Nanostructures - Fundamentals
and Applications. 3(1), 30–37.
Shimamoto, A. and Tanaka, K. (1996). Geometrical analysis of an optical fiber bundle
displacement sensor. Appl. Opt. 35(34), 6767–6774.
Sivathanu, Y. (2003). Natural gas leak detection in pipelines. Technology Status Report,
EnUrga Inc., West Lafayette, IN.
Smirnov, I. A., Smirnov, B. I., Krivchikov, A. I., Misiorek, H., Jezowski, A.,
de Arellano-Lopez, A. R., Martinez-Fernandez, J. and Sepulveda, R. (2007). Heat
capacity of silicon carbide at low temperatures. Physics of the Solid State. 49(10),
1835–1838. ISSN 1090-6460.
Snyder, A. W. and Love, J. (2012). Optical waveguide theory. Springer Science &
Business Media. ISBN 1461328136.
Su, H. and Huang, X. G. (2007). Fresnel-reflection-based fiber sensor for on-
line measurement of solute concentration in solutions. Sensors and Actuators B:
Chemical. 126(2), 579 – 582.
Sumida, S., Okazaki, S., Asakura, S., Nakagawa, H., Murayama, H. and Hasegawa,
T. (2005). Distributed hydrogen determination with fiber-optic sensor. Sensors and
Actuators B: Chemical. 108(2), 508–514.
Tabib-Azar, M., Sutapun, B., Petrick, R. and Kazemi, A. (1999). Highly sensitive
125
hydrogen sensors using palladium coated fiber optics with exposed cores and
evanescent field interactions. Sensors and actuators B: Chemical. 56(1), 158–163.
Tang, J.-L., Cheng, S.-F., Hsu, W.-T., Chiang, T.-Y. and Chau, L.-K. (2006). Fiber-
optic biochemical sensing with a colloidal gold-modified long period fiber grating.
Sensors and Actuators B: Chemical. 119(1), 105–109.
Teyssier, L., Maskrot, H. and Chaffron, L. (2016). Simultaneous infiltration of
submicron SiC powder and AHPCS during electrophoretic infiltration: A new
straightforward process to synthetize SiC f/SiC composites. Journal of the European
Ceramic Society. 36(6), 1359–1364.
Thevenaz, L. (2011). Advanced fiber optics: concepts and technology. EPFL press.
ISBN 2940222436.
Tian, F., Li, X., Kanka, J. and Du, H. (2017). Fiber optic index sensor enhanced by
gold nanoparticle assembly on long period grating. Optik - International Journal for
Light and Electron Optics. 132, 445 – 449. ISSN 0030-4026.
Toccafondo, I., Marin, Y. E., Guillermain, E., Kuhnhenn, J., Mekki, J., Brugger, M.
and Di Pasquale, F. (2016). Distributed Optical Fiber Radiation Sensing in a Mixed-
Field Radiation Environment at CERN. Journal of Lightwave Technology.
Udd, E. (1995). An overview of fiber optic sensors. review of scientific instruments.
66(8), 4015–4030.
Velazquez-Gonzalez, J. S., Monz?n-Hern?ndez, D., Mart?nez-Pi??n, F., May-Arrioja,
D. A. and Hern?ndez-Romano, I. (2017). Surface Plasmon Resonance-Based
Optical Fiber Embedded in PDMS for Temperature Sensing. IEEE Journal of
Selected Topics in Quantum Electronics. 23(2), 1–6. ISSN 1077-260X.
Verma, R., Srivastava, S. K. and Gupta, B. D. (2012). Surface-Plasmon-Resonance-
Based Fiber-Optic Sensor for the Detection of Low-Density Lipoprotein. IEEE
Sensors Journal. 12(12), 3460–3466.
Viana, C. E., Morimoto, N. I. and Bonnaud, O. (2000). Annealing effects
in the PECVD SiO2 thin films deposited using TEOS, Ar and O2 mixture.
Microelectronics Reliability. 40(5), 613–616.
Viets, C. and Hill, W. (2000). Single-fibre surface-enhanced Raman sensors with
angled tips. Journal of Raman Spectroscopy. 31(7), 625–631.
Villatoro, J., Monzn-Hernndez, D. and Luna-Moreno, D. (2004). In-line optical fiber
sensors based on cladded multimode tapered fibers. Applied Optics. 43(32), 5933–
5938.
Wang, X.-h., Jiao, Y.-l., Yang, J. and Niu, Y.-c. (2016). The acoustic emission detection
126
and localisation technology of the pipeline crack. International Journal of Sensor
Networks. 20(2), 111–118.
Wang, Z. L., Ogura, H. and Takahashi, N. (1995). Radiation and coupling of guided
modes in an optical fiber with a slightly rough boundary: stochastic functional
approach. JOSA A. 12(7), 1489–1500.
Wei, Y., Liu, C., Zhang, Y., Luo, Y., Nie, X., Liu, Z., Zhang, Y., Peng, F. and Zhou,
Z. (2017). Multi-channel {SPR} sensor based on the cascade application of the
Single-mode and multimode optical fiber. Optics Communications. 390, 82 – 87.
ISSN 0030-4018.
White, R. (1989). Chromatography/Fourier transform infrared spectroscopy and its
applications. vol. 10. CRC Press.
Woyessa, G., Fasano, A., Markos, C., Stefani, A., Rasmussen, H. K. and Bang, O.
(2017). Zeonex microstructured polymer optical fiber: fabrication friendly fibers
for high temperature and humidity insensitive Bragg grating sensing. Opt. Mater.
Express. 7(1), 286–295.
Wu, X., Fan, J., Qiu, T., Yang, X., Siu, G. and Chu, P. K. (2005). Experimental
evidence for the quantum confinement effect in 3 C-SiC nanocrystallites. Physical
review letters. 94(2), 102–112.
Xiong, F. B., Zhu, W. Z., Lin, H. F. and Meng, X. G. (2014). Fiber-optic sensor based
on evanescent wave absorbance around 2.7 um for determining water content in
polar organic solvents. Applied Physics B. 115, 129–135.
Xu, Y., Lu, P., Chen, L. and Bao, X. (2017). Recent Developments in Micro-Structured
Fiber Optic Sensors. Fibers. 5(1), 1–42.
Yang, X., Zhou, M., Li, S., Liu, Z., Yang, J., Zhang, Y., Yuan, T., Qi, X., Li, H. and
Yuan, L. (2017). On-line dynamic detection in the electrophoretic separation by
tapered optical fiber interferometer. Sensors and Actuators B: Chemical. 242, 667 –
672. ISSN 0925-4005.
Yang, X. H. and Wang, L. L. (2007). Fluorescence pH probe based on microstructured
polymer optical fiber. Optics Express. 15(25), 16478–16483.
Yeh, C.-H., Chow, C.-W., Sung, J.-Y., Wu, P.-C., Whang, W.-T. and Tseng, F.-G.
(2012). Measurement of Organic Chemical Refractive Indexes Using an Optical
Time-Domain Reflectometer. Sensors. 12(1), 481. ISSN 1424-8220.
Yoo, W., Sim, H., Shin, S., Jang, K., Cho, S., Moon, J. and Lee, B. (2014). A
Fiber-Optic Sensor Using an Aqueous Solution of Sodium Chloride to Measure
Temperature and Water Level Simultaneously. Sensors. 14(10), 18823–18836.
127
Yue, H., Zhang, B., Wu, Y., Zhao, B., Li, J., Ou, Z. and Liu, Y. (2015). Simultaneous
and signal-to-noise ratio enhancement extraction of vibration location and frequency
information in phase-sensitive optical time domain reflectometry distributed sensing
system. Optical Engineering. 54(4), 047101–047101.
Yun, C.-Y., Dhital, D., Lee, J.-R., Park, G. and Kwon, I.-B. (2012). Design of
multiplexed fiber optic chemical sensing system using clad-removable optical fibers.
Optics & Laser Technology. 44(1), 269–280.
Yunaz, I. A., Hashizume, K., Miyajima, S., Yamada, A. and Konagai, M. (2009).
Fabrication of amorphous silicon carbide films using VHF-PECVD for triple-
junction thin-film solar cell applications. Solar Energy Materials and Solar Cells.
93(6), 1056–1061.
Zhang, Raniero, F., Pereira, M. and Canhola (2004). Characterization of silicon carbide
thin films prepared by VHF-PECVD technology. Journal of Non-Crystalline Solids.
338(4), 530–533.
Zhang, E. J., Sacher, W. D. and Poon, J. K. S. (2010). Hydrofluoric acid flow etching
of low-loss subwavelength-diameter biconical fiber tapers. Optics Express. 18(21),
22593–22598.
Zhang, H., Guo, H., Wang, Y., Zhang, G. and Li, Z. (2007). Study on a PECVD SiC-
coated pressure sensor. Journal of Micromechanics and Microengineering. 17(3),
426.
Zhang, M. (2017). Quasi-monodisperse-SiC nanospheres: Synthesis and application
in chemical-mechanical polishing. Journal of Physics and Chemistry of Solids. 103,
1 – 5. ISSN 0022-3697.
Zhang, Z. and Bao, X. (2008). Continuous and Damped Vibration Detection Based on
Fiber Diversity Detection Sensor by Rayleigh Backscattering. J. Lightwave Technol.
26(7), 832–838.
Zhou, H., Haitao, L., Luoyang, C. and Chen, J. (2016). Dual-fiber SERS chip using
monolayer gold nanoparticles self-assembled on optical fiber end. In Conference on
Lasers and Electro-Optics. OSA Technical Digest (online). 2016. Optical Society
of America, San Jose, California: Optical Society of America, 220.234.
